INTRODUCTION {#sec1-1}
============

Squamous cell carcinoma (SCC) is the most common type of oral cancer with increased mortality and morbidity rates.\[[@ref1][@ref2]\] Globally, it is the 6^th^ most frequent cancer\[[@ref3]\] with highest incidence and prevalence in the Indian subcontinent.\[[@ref1]\] Various risk factors such as tobacco, betel quid, areca nut and human papillomavirus have been implicated in the etiology of oral cancer.\[[@ref4]\] Despite advances in conventional treatments such as surgery, radiotherapy and chemotherapy, problems related to these therapies such as side effects, opportunistic infections and the development of drug resistance remained unsolved.\[[@ref5][@ref6]\] Therefore, the need of the hour is to develop novel treatment modalities using plant derivatives which act as effective therapeutic agents and have minimal side effects.

Amygdalin is one such natural anticancerous plant product of glycosides and found in the seeds of sweet almond, apricots, blackberries, peaches, apples and other plants.\[[@ref7]\] It is composed of two molecules of glucose, one molecule of benzaldehyde and one molecule of hydrocyanide. Studies have shown that the benzaldehyde in amygdalin is able to induce an analgesic effect, and the hydrocyanide in amygdalin is able to induce an anticancerous effect.\[[@ref8]\]

Many studies have shown that amygdalin can inhibit the proliferation of prostate cancer,\[[@ref8]\] cervical cancer,\[[@ref9]\] liver cancer,\[[@ref10]\] bladder cancer,\[[@ref11]\] non-small cell lung cancer,\[[@ref12]\] colon cancer\[[@ref13]\] and SCC in buccal pouch of hamsters\[[@ref14]\] by promoting apoptosis.

The anticancer effect and mechanism of amygdalin in oral cancer has never been reported. The present research was designed to study the apoptotic effect of amygdalin on human oral cancer cells *in vitro* to provide a rationale for its use in the treatment of oral cancer.

Objectives {#sec2-1}
----------

To evaluate the antiproliferative activity of amygdalin obtained from extracts of apricot and almonds on oral SCC cell line (KB mouth cell line)To compare the effectiveness between apricots and almonds.

MATERIALS AND METHODS {#sec1-2}
=====================

Preparation of extracts {#sec2-2}
-----------------------

Fresh almonds and apricots were washed with distilled water and air-dried and finely powdered. The extracts were prepared according to Othman *et al.*\[[@ref15]\] Fifty grams of the prepared powder was mixed to thrice the volume of ethanol (i.e., 150 mL). Soxhlation was carried out for 6 h. The ethanolic extract was evaporated using a Rotary Evaporator (BUCHI, German Company) at 60°C. The residue was collected and stored at −20°C until further use. Five concentrations (10, 50, 100, 150 and 200 μg/mL) of extracts were prepared. A similar procedure was carried out for apricots.

Cell line and cell culture {#sec2-3}
--------------------------

Oral SCC cell line (KB mouth cell line) produced from the National Centre for Cell Sciences, Pune, India, was used for the study. Human oral cancer cell line (KB mouth cell line) was seeded into a 96-well microtiter plate containing Minimum Essential Medium Eagle supplemented with 10% fetal bovine serum and 1% penicillin and streptomycin. The cells were maintained in a CO~2~ incubator of 5% humidity at 37°C for 48--72 h.

Activity of extracts on oral cancer cell line {#sec2-4}
---------------------------------------------

Oral SCC cell lines (KB mouth cell line) were seeded into 96-well plates at a density of 5 × 10^4^ cells/well. After 24 h, the cells were treated with prepared apricot and almond extracts at five concentrations (10, 50, 100, 150 and 200 μg/mL) diluted with dimethyl sulfoxide (DMSO) and incubated for 24--48 h. The proliferation activity of cell population under different concentrations was determined based on the mitochondrial dehydrogenase activity in the living cells.

Cell viability assay {#sec2-5}
--------------------

Cell viability assay was done to determine the sublethal concentrations of inhibitory concentration (IC~50~) of extracts and proliferative activity of the cells in the presence of extracts. After completion of incubation period, working solution 10 μl of 3-(4,5-dimethylthiazol-2-YL)-2,5-diphenyltetrazolium bromide was added to each culture well to detect the cell viability. The color was allowed to develop for an additional 4 h of incubation. Equal volume of DMSO was added to stop this reaction to solubilize the crystals. Absorbance was recorded at 570 nm using ultraviolet-visible spectrophotometer.\[[@ref16]\]

RESULTS {#sec1-3}
=======

Both almond and apricot extracts showed antitumor activity on KB cell line. The viability decreased in a dose-dependent manner. The cell viability decreased as the concentration of the extracts increased.

Almond exhibited maximum efficacy at 50 μg/mL by killing 78% of cells, whereas apricot required a concentration of 100 μg/mL to attain 82% of activity \[Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}\]. The IC~50~ values were also calculated, and almond and apricot extracts showed a maximum IC~50~ at 32 and 61 μg/mL, respectively, showing that the sublethal cytotoxic effect (IC~50~) was twice as better in almond extract than apricot extract, but the apricot extract showed maximum cytotoxic efficacy than almond extract.

![Oral cancer cell line (KB cell line) -- control](JOMFP-23-104-g001){#F1}

![Almond extract showing inhibition of cell growth at 50 μg/mL](JOMFP-23-104-g002){#F2}

![Apricot extract showing inhibition of cell growth at 100 μg/mL](JOMFP-23-104-g003){#F3}

DISCUSSION {#sec1-4}
==========

In the 1970s, amygdalin was one of the most common nonconventional anticancer drugs in Western countries.\[[@ref12]\] However, the antitumor efficacy and mechanisms of action of amygdalin have remained controversial since then. Some recent studies provide positive evidence to resolve the controversy. Studies have shown that the hydrocyanic acid present in amygdalin could serve as an anticancerous agent by decomposing carcinogenic substances in the body, killing cancer cells, blocking the nutrient source of tumor cells and inhibiting cancer cell growth.\[[@ref17]\]

Recently, the antitumor mechanism of amygdalin was tested in various cancers. Kwon *et al.* confirmed that amygdalin can induce apoptosis in human promyelocytic leukemia-60 cells.\[[@ref18]\] Park *et al.* have shown that amygdalin inhibited the proliferation of human colon cancer SNU-C4 cell, by inhibiting the expression of cell cycle-related genes.\[[@ref13]\] Chang *et al.* identified that amygdalin can induce apoptotic cell death in human DU145 and LNCaP prostate cancer cells by caspase-3 activation through downregulation of Bcl-2, an antiapoptotic protein, and upregulation of bax, a pro-apoptotic protein.\[[@ref8]\] Chen *et al.* also observed that amygdalin could induce apoptosis in human cervical cancer cell line HeLa cells by caspase-3 activity.\[[@ref9]\] Another study by Qian *et al.* showed that amygdalin inhibited the *in vitro* proliferation, invasion and migration of non-small cell lung cancer cells by regulating integrin and E-cadherin expression and the downstream key signaling pathways such as Akt-mTOR.\[[@ref12]\] An *in vitro* study by Makarević *et al.* explained the effect of amygdalin in blocking bladder cancer through diminishing cyclin A and cyclin-dependent kinase 2, the cell cycle regulating proteins in cancer cells.\[[@ref11]\]

Ours was a preliminary *in vitro* study wherein we evaluated the effectiveness of amygdalin as a cytotoxic agent for the first time against human oral cancer cells. There was an overwhelmingly positive response of amygdalin-rich almond and apricot extract on oral cancer cells. Almond exhibited maximum efficacy at 50 μg/mL by killing 78% of cells, whereas apricot exhibited at 100 μg/mL with 82% of activity. Sublethal cytotoxic effect (IC~50~) was twice better in almond extract than apricot extract, but apricot extract showed maximum cytotoxic efficacy than almond extract. The cytotoxic effect was mainly because of the apoptosis caused by the release of secondary metabolite hydrocyanide.

Studies have shown that the presence of β-glucosidase in cancer cells is responsible for the breakdown of amygdalin to release hydrocyanide and to exert cytotoxicity on cancer cells\[[@ref19][@ref20][@ref21]\] as reflected in our study. Some studies suggest that the presence of rhodanese in normal cells has the ability to detoxify cyanide. The combined action of the two enzymes may be responsible for inducing cyanide-related toxicity in cancer cells treated with amygdalin while normal cells remain undamaged.\[[@ref13][@ref22]\]

A study by Nour *et al.* revealed that amygdalin causes apoptosis of SCC cells, induced in the buccal pouch of hamster by downregulating the expression of P53 and reducing the rate of mitotic index (Ki67).\[[@ref14]\] Because most of the human oral cancers are squamous cell in origin, this could be implied to our study also. However, more studies are required to find the exact cytotoxic effect of amygdalin on human oral cancer cells.

CONCLUSION {#sec1-5}
==========

Based on the results of our study and literature review, amygdalin extracted from the seeds of almonds and apricots showed cytotoxic effect on human oral cancer cell lines. However, controlled clinical trials are required to further substantiate the anticancer property of amygdalin on oral cancer.
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